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In this paper the supercritical carbon dioxide SCCO2 fluid technology is employed to improve the quality of E-gun evaporation
deposited silicon oxide SiOx film at 150°C. After the treatment of SCCO2 fluid mixed with ethyl alcohol and pure H2O, the
oxygen content of SiOx film increases and the traps within SiOx are terminated by forming Si–O–Si feature bonds. The leakage
current density reduces from 10−2 to 3  10−8 A/cm2 at an electric field of 3 MV/cm due to the passivation of traps, and the
hysteresis effect in the capacitance–voltage curve is eliminated.
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1099-0062/2008/122/H35/3/$23.00 © The Electrochemical SocietySilicon dioxide SiO2 thin film is well known to have excellent
properties, such as hardness, wear resistance, anticorrosion, and op-
tical dielectric properties, so it is widely applied as the gate dielec-
tric of transistors or the tunneling oxide of nonvolatile memory
devices.1-3 In recent years, much research has focused on the forma-
tion of SiOx film at low temperatures 200°C for fabricating
electric devices on flexible plastic substrates.4-6 Among various
methods of depositing SiOx film, physical vapor deposition PVD is
favorable for large-area electronics because of its simple process,
low cost, and conformity with low-temperature fabrication. High
temperature annealing or plasma treatment is commonly used as a
post-treatment to reduce the traps within PVD-deposited film to im-
prove the dielectric characteristics. Nevertheless, these post-
treatments are unsuitable for plastic substrates due to the limit of
glass transition temperatures Tg6 and thus, a low-temperature
method to passivate traps is required.
High-pressure H2O vapor has been reported as an appropriate
method to terminate the electric traps at the SiOx/Si interface and
within the SiOx.7,8 Nevertheless, a high-temperature environment is
necessary to provide high pressure for driving H2O molecule into
the SiOx layer. In this study, supercritical carbon dioxide SCCO2
fluid technology is proposed to improve the dielectric characteristics
of SiOx films. On the basis of liquidlike, gaslike, and high-pressure
properties, it is allowed for supercritical fluid to transport the oxi-
dant H2O molecule into the SiOx film to terminate traps at lower
temperature.9-11 The experimental works focus on material analyses
and electrical characteristics of SiOx film to investigate the efficacy
of the proposed supercritical fluid treatment.
Experimental
Amorphous SiOx films were prepared on boron-doped 100 sili-
con wafers with a resistivity of 1–10  cm by an E-gun deposition
system using a pure SiO2 target at a low deposition ratio of 0.1 Å/s
at room temperature. The chamber vacuum was 2  10−6 Torr with-
out the presence of O2 and N2. The average thickness of the SiOx
films measured by the ellipsometer system was 5–7 nm. For enhanc-
ing the quality of E-gun deposited SiOx, three different post-
treatments were introduced individually to passivate the traps within
SiOx film. The first method, labeled “H2O vapor treatment,” was
immersing the SiOx film into a pure H2O vapor ambience at 150°C
for 2 h, in a stainless steel chamber. The second method, labeled
“3000 psi-SCCO2 treatment,” was placing the SiOx film in a super-
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vents 8 vol % ethyl alcohol and 2 vol % pure H2O at 150°C for
2 h. The ethyl alcohol acted as a surfactant between nonpolar
SCCO2 fluid and polar H2O molecules for increasing the solubility
of H2O molecules in SCCO2 fluid. To compare with the 3000 psi
SCCO2 treatment, the third method was treating SiOx film with
3000 psi pure SCCO2 fluid with no cosolvents, labeled
“SCCO2-only.” Fourier transform infrared FTIR spectroscopy was
used to determine the evolution of chemical functional bonding of
SiOx film after different treatments. Afterward, Al electrodes were
thermally evaporated on the top surface of the SiOx films and the
back side of the silicon wafer to shape the metal–insulator–
semiconductor MIS structure. The atomic components in the SiOx
film were detected from Auger electron spectroscopy analysis, and
the electrical properties were measured by an HP 4156-A semicon-
ductor analyzer and Agilent 4284A CV meter.
Results and Discussion
FTIR spectra of SiOx films are shown in Fig. 1. The IR absorp-
tion spectrum of as-deposited SiOx film was taken as a background
to measure the IR absorption of post-treated SiOx films. No IR ab-
sorption peak appears in the SiOx film with SCCO2-only treatment,
Figure 1. FTIR spectra of SiOx films after different treatments. The IR
absorption spectrum of as-deposited SiOx film was taken as a background to
measure the treated SiO films.x
CS license or copyright; see http://www.ecsdl.org/terms_use.jsp
H36 Electrochemical and Solid-State Letters, 12 2 H35-H37 2009indicating that pure SCCO2 fluid is useless to affect the functional
structure of SiOx. In the case of SiOx film with H2O vapor treatment,
the vibration bonds at 1070 cm−1 Si–O–Si, 1230 cm−1 SivO
stretching, 440 cm−1 Si–O rocking, and 610 cm−1 S–H bending
increase.12,13 The variation in IR absorption peaks occurs mainly at
the Si–O–Si bond, and the peaks at Si–H 2140 cm−1, Si–OH at
965 cm−1, and Si–OH mixed with H–OH bonds at
3300–3600 cm−1, not shown are unchanged. This implies that the
H2O molecule can operatively oxidize Si dangling bonds at
150°C,7,8 but hydrogen passivation does not occur. The peak at
around 1020 cm−1 decreases slightly, and it is conceivable that the
oxidation of the 1020 cm−1 suboxide forms the more oxidized
1230 cm−1 SiOx. The same IR absorption peaks are observed also in
the SiOx film with 3000 psi SCCO2 treatment, and the higher IR
absorption peaks are due to the SCCO2 fluid being more efficient
than H2O vapor to deliver the H2O molecule into the SiOx film to
passivate Si dangling bonds.11,14 For 3000 psi SCCO2 treatment, it
is very important to enhance the solubility of ethanol and water in
SCCO2. However, in this study there are still liquid droplets present
in the SCCO2 fluid, showing that concentration of ethanol and water
is not optimized. This issue will be studied further in our future
work.
Figure 2. Auger depth profile of SiOx films after different treatments.Downloaded 05 Feb 2012 to 140.114.195.186. Redistribution subject to EThe Auger depth profile in Fig. 2, was measured in order to
analyze the distribution of oxygen content in SiOx film. The argon
beam was applied to sputter the SiOx surface with a constant sput-
tering rate of 2 nm/min to proceed with Auger measurement. The
H2O-vapor-treated SiOx contains more oxygen atoms than the one
with SCCO2-only treatment, indicating that Si–O bonds had indeed
formed due to passivation of Si dangling bonds by the H2O mol-
ecule. Furthermore, the highest oxygen content is observed in
3000 psi SCCO2-treated film, agreeing with the FTIR spectra re-
sults. From the content and distribution of oxygen atoms, it is be-
lievable that SCCO2 fluid can deliver H2O molecules into the entire
SiOx layer, not only on the surface.
Current–voltage properties of SiOx films are shown in Fig. 3. The
as-deposited and SCCO2-only treated SiOx films exhibit similar
electrical behavior, and this is expected from the IR spectra. The
large leakage current reaching 10−2 A/cm2 is reasonably ascribed to
numerous traps within the SiOx film. After H2O vapor treatment, the
leakage current of the SiOx film is suppressed to 10−5 A/cm2 at an
Figure 3. A plot of leakage current density J vs electric field E with
applying negative bias voltage on the top electrode of the MIS structure.
Interpretation is the curve of the lnJ vs the square root of electric field
E1/2 for the 3000 psi SCCO2-treated SiOx.
Figure 4. C-V curves of a SCCO2-only,
b H2O vapor, and c 3000 psi SCCO2
treated SiOx film with the gate voltage
swept forth forward and back reverse
at a measuring frequency of 1 MHz. MIS
capacitor area 1.26  10−3 cm2.CS license or copyright; see http://www.ecsdl.org/terms_use.jsp
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sured by applying negative bias on the top Al electrode the carriers
originated from the top Al electrode, and the leakage current de-
pends on the quality of SiOx bulk. Therefore, the reduction of leak-
age current is a result of terminating traps in SiOx bulk by H2O
molecules. Furthermore, the SiOx film with 3000 psi SCCO2 treat-
ment performs with optimum electrical behavior because more traps
in the SiOx bulk were passivated. In the interpretation of Fig. 3, the
leakage current density of 3000 psi SCCO2-treated SiOx film is cal-
culated as a function of the square root of the electric field. The
linear relationship indicates that the conduction mechanism was
dominated by Schottky-emission-type transport behavior.15,16 The
Schottky emission is caused by the electron transport across the
potential energy barrier via field-assisted lowering at a metal–
insulator interface.15 The dielectric constant of 3000 psi
SCCO2-treated SiOx film extracted from the slope of the curve fit in
interpretation of Fig. 3 is 3.55,16 which agrees with the value of 3.8
calculated from the capacitance–voltage C-V measurement. It is
speculated that most of the intermediate states were terminated after
the treatment of SCCO2 fluid mixed with cosolvents, and the lowest
leakage current of less than 3  10−8 A/cm2 was achieved thereby.
Figures 4a-c show C-V curves of SiOx films after SCCO2-only,
H2O, vapor, and 3000 psi SCCO2 treatment, respectively. The hys-
teretic effect with a clockwise path is observed for the SCCO2-only
and H2O-vapor-treated SiOx, while the gate voltage sweeps forth
forward and back reverse. It is unsatisfactory for dielectric film
to fabricate electric devices. The hysteresis effect is generally attrib-
uted to i the traps in dielectric bulk, ii the interfacial states, and
iii the mobile charges,17,18 but the main cause of hysteresis is
indefinite for both these samples. More interestingly, in Fig. 4c, the
hysteresis effect almost disappears after 3000 psi SCCO2 treatment,
possibly resulting from the termination of traps or the removal of
mobile charges.10
Conclusions
We employed an SCCO2 technology to efficiently improve the
dielectric characteristics of E-gun deposited SiOx film. It was veri-
fied that the H2O molecule is an operative oxidant to terminate Si
dangling bonds, and a preliminary improvement of the electrical
properties of SiO film was achieved after H O vapor treatment.x 2
Downloaded 05 Feb 2012 to 140.114.195.186. Redistribution subject to EFurther study demonstrated that SCCO2 fluid mixed with ethyl al-
cohol and H2O is a better method to improve the dielectric charac-
teristics of SiOx film. Additionally, a hysteresis-free C-V curve was
obtained by the proposed SCCO2 process.
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